In light of a new experiment which claims an identification of tetraneutron [3] , we discuss the results of experimental search of trineutron and tetraneutron in different nuclear reactions. A summary of theoretical studies for trineutron and tetraneutron within variety of approaches such as variational methods, the method of Faddeev and Faddeev-Yakubovsky equations, and the method of hyperspherical harmonics are presented.
states in a system of two neutrons is a well defined problem and numerically well under control. The two neutron resonances are associated with the poles of the S-matrix, which are embedded in the fourth-quadrant of the complex k plane. They are solutions of the time-dependent Schrödinger equation without the incoming wave and the outgoing wave increasing exponentially at infinity. In Ref. [4] it was mentioned that nonrealistic Volkov potentials [5] do have bound dineutrons. However, these potentials are not realistic; they produce bound 2 n, with the same binding energies as their deuterons; they have no tensor or LS terms; and they cannot reproduce modern phase shift analyses in any partial wave [4] . Theoretical calculations show no existence of the resonance or bound states in the system of two neutrons for all the existing realistic and phenomenological models of the nucleon-nucleon interaction. Experimental searches of the dineutron have been also performed using different nuclear reactions but no evidence for the existence of the 2 n has been found. Thus, today we are confident that dineutrons do not exist but could very nearly exist: a slight increase in the attraction between the two particles would result in a bound structure, the dineutron being formed. However, in neutron-rich matter like a neutron star where the density 3-times as much as the normal nuclear density would nucleon-nucleon interaction modified so that brings two neutrons to be bound? This question needs to be addressed. Existence of dineutrons in neutron stars could bring a new mechanism of superfluidity of neutron matter like an excitonic one in condensed matter physics (see, for example, Ref. [6] ). Research into the possibility that nuclei have more than two neutrons shows that, very often, adding a further neutron increases the stability of the structure. The question then arises as to whether a neutron system made up of more than two neutrons could exist.
A three-neutron resonance has not yet been firmly established. The weight of early experimental evidence reviewed in Ref. [7] is strongly against the existence of a bound state of the three-neutron system, and only controversial evidence of a three-neutron resonance was cited. The situation up to 1987 has been reviewed in the compilation [8] . Reference [9] reported the possible existence of the trineutron through the reaction 3 H(n, p) 3 n. Later, the same reaction was studied in Refs. [10] and [11] (see references herein) no evidence for the existence of the trineutron was found. Searches for a bound state of the three neutron were conducted in reactions: 3 n. Based on the method of description of true 3 → 3 elastic scattering within the method of hyperspherical function [12, 13] were studied the formation of three neutrons in the processes 3 He(π − , π + ) 3 n [14, 15] , charged-pion photoproduction on 3 H, [16] and µ − −capture by triton [17, 18] . As of yet, none of these reactions have provided evidence for a bound trineutron. The most intensive search for the prediction of a bound trineutron has been performed using a pionic double charge exchange reaction 3 He(π − , π + ) 3 n. An investigation [19] of the process 3 He(π − , π + ) 3 n found no evidence of the existence of the 3 n or resonance state of three neutrons. Earlier study [20] pointed to resonance in the three neutrons. However, the resonance behavior can be explained by the final state interaction of three neutrons in continuum spectrum as was demonstrated in Refs. [14, 15] . The double charge exchange process on 3 He was also investigated in Ref. [21] , which while criticizing previous work [20] pointed again to a three-neutron resonance around 12 MeV excitation. For a trineutron the bound state has been studied extensively in the last four decades resulting in a numerically precise solution of the Faddeev equations in momentum and coordinate space, and using the hyperspherical functions method. Some of the contradictory aspects of Faddeev calculations which predicted a trineutron and variational calculations which did not, was addressed in Ref. [22] using the Faddeev method with the Reid potential and pointed out that interaction potential must be enhanced by about a factor 4 to bind 3 n near zero energy. The possibility of a trineutron bound state is investigated in [23] by solving the Faddeev equation in the coordinate space and have considered possible states of the trineutron including even the 3 P 2 − 3 F 2 force. The author concluded that all states of 3 n are unbound for the Reid soft core potential. Independent of the theoretical framework, such as the Faddeev formalism [24, 25] , the method of the hyperspherical functions or variational calculations, most theoretical works do not predict a bound 3 n state in the three-neutron system. However, it has been stressed in Ref. [26] that subtle changes in the nucleon-nucleon potential, which would not affect results from phase shift analyses, may lead to bound neutronic nuclei. To summarize, although the double charge exchange reaction of negative pions on 3 He nucleus has been examined at various incident energies of pion, from the analysis of the invariant mass spectra for three neutrons, no evidence for the bound trineutron has been found. However, a calculation [27] predicts a resonance state with the width of 13 MeV in the three-neutron system. Although such a resonance would easily fit early interpretation of data on pionic double charge exchange on 3 He [20] (this observation was supported by measurements reported in Ref. [21] in 1986), more recent investigations [19, 28, 29] of this process do not give any experimental evidence for it. All reactions mentioned above are plagued by the fact that although there is an expectation that a 3 n system is produced, at least one additional strongly interacting particle is in the final state. The reactions π − + 3 H→ 3 n+γ and µ − + 3 H→ 3 n+ν µ have only an extra photon or neutrino in the final state. Additional interest in these reactions is in the 3 H-π and 3 H-µ atomic physics since the tritium is unique because the pion and muon is exclusively absorbed from 1s orbit. Theoretically the s-state radiative π-capture or µ-capture transition rates can be calculated quite accurately. Refs. [30, 31] reported trineutron mass spectrum that was observed in the stopped pion radiative capture reaction 3 H(π − ,γ)3n by measuring the photon energy with a high-resolution spectrometer. However, as also in earlier studies, no indication of a bound trineutron is observed. The noticeable difference in µ − −capture by a tritium nucleus obtained in calculations [17, 18] by taking into account the final state interaction between three neutrons and a plane-wave approximation increases the interest in the experimental study of the channel of the complete break up of 3 H in µ − −capture. Several more recent experiments have strengthened the evidence against the bound trineutron and have failed to discover a resonance structure that cannot be otherwise explained. The study [32] shows that realistic nucleon-nucleon interaction models exclude any possible experimental signature of three-neutron resonances. Thus, today there is no unambiguous answer for the existence of the three-neutron nucleus. Apart from these aspects the question of whether multineutron systems exist is of principal interest by itself.
The search for the tetraneutron has been going on for more than fifty years [33] . In a compilation of information on A = 4 nuclei given in [34] 4 n reaction carried out in search of evidence for 4 n are summarized in the compilation [37] . No bound 4 n was detected in these early works. Later the momentum spectrum from the pion double charge exchange reaction was measured in Ref. [38] in a search for 4 n. Note, however, that the theoretical study [39] reported that the final-state interaction in the four-neutron system in continuum spectrum is so strong that the tetraneutron could not be observed in the kinematic region explored in Ref. [38] . Pion spectra and total cross sections for pion double charge exchange were also measured in Refs. [40] [41] [42] for different incident pion energies. No evidence for 4 n was obtained. Several attempts have been made to find a bound tetraneutron system by using a uranium fission reaction [43] [44] [45] and the experimental observation of 4 n was claimed in the interaction of 100 MeV α−particle with uranium nucleus in Ref. [45] .
Several theoretical studies of pion double charge exchange on 4 He have been reported. In Ref. [46] cross sections were calculated in a model in which two single charge exchange scatterings occur. The reaction 4 He(π − , π + ) 4 n was studied in the framework of a four-body hyperspherical basis method in Ref. [15, 47, 48] but existing experimental data were interpreted without bound or resonance state of four neutrons. The review of the studies of the four neutrons produced by π − double charge exchange reaction on 4 He nucleus is given in Ref. [49] . No bound tetraneutron was found in Ref. [50] within the angular potential functions method, in Ref. [51] using the stochastic variational method and in Refs. [52] and [53] within the hyperspherical functions approach. In [53] using a local S-wave nn-potential possible bound and resonant states of three and four neutrons systems are sought as zeros of three-and four-body Jost functions in the complex momentum plane. It is found that zeros closest to the origin correspond to subthreshold (3n) 1 
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− and (n)0 + resonant states. In contrast, calculations within the hyperspherical functions method led the authors in Ref. [54] to the conclusion that the tetraneutron may exist as a resonance only for the N N potential that binds the dineutron.
In the new millennium, an experimental search and theoretical study of tetraneutron transitioned to a new phase. In 2002 an international team led by physicists from the Particle Physics Laboratory of Caen, have presented in Ref. [55] experimental results suggesting the existence of a bound tetraneutron. These results have been obtained by using the exotic beams of the French national large heavy-ion accelerator in Caen and by studying the breakup reaction of 14 Be into 10 Be and bound tetraneutron. The heavy-ion transfer reactions, and the pion double charge exchange reaction require considerable reconfiguration of the target nuclei and should be strongly suppressed. In contrast, the nucleus 14 Be consists of a strongly bound core 10 Be and four weakly bound neutrons that could form a tetraneutronlike configuration, which might be shaken off in the 14 Be breakup. In experiment [55] events were observed that exhibit the tetraneutron cluster liberated in the breakup of 14 Be. In particular, the fragmentation channel 10 Be+ 4 n was observed and the 4 n was described as a bound four neutrons system. The lifetime suggested by this measurement would indicate that the tetraneutron is a stable particle. In 2016, the resonant tetraneutron state was found in the reaction 4 He( 8 He, 8 Be) [3] . If confirmed, these discoveries, which would call into question current theoretical models, will have major repercussions in the field of nuclear physics. Therefore, the confirmation of such an exotic state with a different reaction is important. Motivated by the recent observation of tetraneutron candidates at RIKEN [3] , there is a proposal to investigate high energy forward scattering pion double-charge-exchange reaction on 4 He at J-PARC [56] . As opposed to the old experiments at LAMPF and TRIUMF, a rather high-energy pion beam, around 850 MeV, will be utilized with the benefit of reduction of the irrelevant background.
The existence of the bound tetraneutron system was also discussed in theoretical studies [57] [58] [59] [60] [61] [62] . In Ref. [58] it was proposed that, if tetraneutron existed, it could be formed by a bound state of two dineutron molecules. The possibility for a tetraneutron to exist as a low-energy resonance state was studied in Ref. [62] . In [57] the hyperspherical functions method and realistic nucleon-nucleon interactions have been used to argue against the existence of a tetraneutron. It was pointed out that due to the small probability for a pair of neutrons to be in the singlet even state, the two-body nuclear force cannot by itself bind four neutrons, even if it could bind a dineutron. In Ref. [60] Faddeev-Yakubovsky equations have been solved in configuration space using a realistic Reid 93 nn interaction to explore the possible existence of four-neutron resonances close to the physical energy region. The authors used two methods, namely, complex scaling and analytical continuation in the coupling constant to follow the resonance pole trajectories, which emerge out of artificially bound tetraneutron states. Four-neutron states evolving from the forced bound state end up in the unphysical third energy quadrant with negative real energy parts, thus having little effect on any physical process. It was demonstrated that the tetraneutron physics is entirely determined by nn S waves, namely 1 S 0 one, which is controlled by the experimentally measurable nn−scattering length [60] .
An unrealistic modification of the nucleon-nucleon force, three-nucleon force or introduction of unrealistic fournucleon forces would be needed to bind a tetraneutron. It is also important to mention that Ref. [4] shows that it does not seem possible to change any modern two-and three-nucleon interaction to bind a tetraneutron without destroying many other successful predictions of these interactions. This means that, should recent experimental claims [3, 55] of a tetraneutron be confirmed, our understanding of nuclear forces will have to be significantly changed. Recently, in Ref. [63] a possibility of generating a four-neutron resonance with introducing of a phenomenological T = 3/2 threeneutron force in addition to a realistic N N interaction (Argonne AV8 ′ version of the N N potential) is considered. Using these interactions the ab initio solution of the 4n Schrődinger equation is obtained using the complex scaling method with boundary conditions appropriate to the four-body resonances by inquiring what the strength should be of the three-neutron force to generate such a resonance. Considering the most natural way to enhance a tetraneutron system near the threshold through an additional attractive isospin T = 3/2 term in the three-body force, but this modification was found to be inconsistent with other well-established nuclear properties and low energy scattering data [63] . Therefore, it was demonstrated that a four-neutron resonance requires unrealistic changes in the threeneutron force to have observable resonance features. However, recent theoretical calculation [64] within various ab initio approaches with nucleon-nucleon interaction JISP16 [65] predicts a low energy 4 n resonance near 0.8 MeV above threshold with a width of about 1.4 MeV. The calculation is performed without altering any of the properties of the N N interaction. The reported result is compatible with the recent experimental finding [3] for a resonant structure.
The negative result of numerous searches for trineutron and tetraneutron does not exclude the existence of heavier neutron clusters. As for experimental searches of the other light bound multineutron systems, light nuclear stable multineutrons among products of the fission of 238 U nuclei that is induced by 62 MeV alpha particles have been found by the activation method with the 88 Sr [66] and 27 Al [67] isotopes, respectively. These multineutrons have been detected by characteristic γ rays that correspond to the formation of a beta active 92 Sr nucleus and the formation of the latter one was associated with at least a four-neutron-transfer reaction involving a nuclear stable multineutron:
88 Sr( x n, (x − 4)n) 92 Sr [66] . [66, 67] indicate that nuclear stable multineutrons (most likely, 6 n) are emitted from the alpha particle induced ternary fission of 238 U. The most recent study [70] Pb nucleus, respectively. The probability of 6 n and (or) 8 n emission of nuclei 238 U with respect to the probability of α−decay mode are determined and the upper limits on the 90% confidence level are the following: λ( 6 n)/λ α ≤ 9.3 × 10 −9 and (or) λ( 6 n)/λ α ≤ 3.6 × 10 −10 , where λ is the corresponding decay constant.
On the other side, theoretical investigations of multineutrons have been carried out for a system of six, eight and ten bound neutrons using the hyperspherical functions method with different nucleon-nucleon interactions [57] . Results of calculations show no bound states for these neutron systems. Theorists are also studying neutron drops [68, 69] . Neutron drops are collections of neutrons held together by both an external nuclear well and the interaction between neutrons. The properties of these drops can be used as "data" for fitting simpler effective interaction models that are employed in the study of large neutron-rich nuclei, the crusts of neutron stars, and neutron matter.
Today there is no unambiguous answer for the existence of the trineutron as a bound or resonance state. There are three claims of experimental observation of 4 n: one in a fission reaction [45] , and the recent two in the breakup reaction of 14 Be into 10 Be and 4 n [55] , and in the double-charge-exchange reaction 4 He( 8 He, 8 Be) [3] . However, in theoretical studies, except very recent one [64] with the JISP16 potential [65] , no evidence for 4 n was obtained within the existing modern two-and three-nucleon interaction. If the experimental discoveries [55] and [3] as well as the obtained evidences [66, 67, 70] in support of the existence of neutron nuclei whose number is not lower than six would be confirmed, this would call into question current theoretical models of nuclear forces. Interestingly enough, such consideration has already started [63] .
